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(54) A sensor 

(57) A magnetic position sensor for sensing the po- 
sition of a foot pedal in a motor vehicle and producing 
an electrical signal representative of the foot pedal po- 
sition. The position sensor has a stater 7 with a channel 
17 and a magnet 8 which can move along the surface 
7a of the stator, the magnetic field in the stator channel 
1 7 being dependent on the position of the magnet 8 rel- 



ative to the stator 17. The magnet is connected to the 
foot pedal so that the movement of the foot pedal causes 
the magnet 8 to move along the stator surface and 
changes the magnetic field in the channel 17, the mag- 
netic field in the channel 1 7 being sensed by a Hall probe 
6 which produces an electrical signal proportional to the 
displacement of the magnet 8. 
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[0001] This invention relates to a position sensor, in 
particular for sensing the position of a foot pedal on a 
motor vehicle. . 

[0002] Conventionally, foot pedal controls such as the 
brake or accelerator pedal in a motor vehicle are con- 
nected to the corresponding vehicle component through 
a cable or other mechanical linkage. However, it may be 
desirable for a foot pedal to control the corresponding 
engine component such as the engine or brakes via an 
electrical signal. In order to achieve this, it Is necessary 
to produce an electrical signal representative of the in- 
stantaneous position of the foot pedal. 
[0003] Position sensors are known that use a poten- 
tiometer for detecting the position of a foot pedal. Such 
potentiometers rely on a sliding contact, and use of such 
a contact may result in wear and abrasion which could 
change the characteristics of the sensor over a period 
of lime. 

[0004] According to one aspect of the Invention, there 
Is provided a position sensor for sensing the relative po- 
sition of two components, the sensor comprising a stator 
connected to one component and having a surface 
which includes two magnetically separate regions of 
magnetic material separated by a channel; a magnetic 
unit connected to the other component and having north 
and south pole faces arranged relative to the surface so 
that when the magnetic unit is in a first position relative 
to the stator. at least a substantial part of one pole face 
lies over one of the regbns of magnetic material and at 
least a substantial part of the other pole face lies over 
the other region of magnetic material, thereby producing 
a magnetic field across the channel, and when the mag- 
netic unit is in a second position the north and south pole 
faces of the- magnetic unit lie over the same region of 
magnetic material such that no magnetic field Is pro- 
duced across the channel; and a magnetic field sensor 
placed in the channel so as to produce a signal which 
is dependent on the magnetic field in the channel and 
which represents the relative position of the two compo- 
nents. 

[0005] Because the position sensor does not rely on 
a sliding electrical contact, electrical problems due to 
wear and abrasion within the sensor will be alleviated 
and the reliability of the sensor can be improved. 
[0006] When the sensor is used to sense the position 
of a pedal in a motor vehicle, the stator may be fixed to 
the vehicle body (the one component) and the magnetic 
unit may be fixed to the pedal (the other component), 
f^ovement of the foot pedal then causes the magnetic 
unit to move relative to the stator. and the position of the 
fool pedal can be determined from the sensed position 
of the magnetic unit, 

[0007] The signal produced by the magnetic field sen- 
sor could be passed to the engine control of the vehicle 
for example, thus replacing the conventional mechani- 
cal connection between the engine and the accelerator 



pedal. 

[0008] In most applications the stator Is held station- 
ary whilst the magnetic unit is nnoved, but it is also pos- 
sible for what is here termed the stator to be moved 

s whilst the magnetic unit is held stationary. 

[0009] The magnetic unit may be made entirely of a 
permanent magnet material, but preferably the magnet- 
ic unit comprises a permanent magnet fixedly attached 
to a section of magnetic material with at least one pole 

10 face of the magnetic unit being formed by the magnetic 
material. The section of magnetic material may be made 
from mild steel so that it can easily be machined into the 
desired shape. 

[0010] To allow the stator to be mounted on an elec- 
?5 tronic circuit board, the regions of magnetic material 
may be held In their correct positions by being attached 
to a non magnetic base. 

[0011] The stator surface and the pole faces are pref- 
erably flat, the pole faces being able to move in a plane 

20 ihal is adjacent to the surface of the slalor, the separa- 
tion between the stator surface and the pole surfaces 
being small to ensure a good magnetic coupling be- 
tween the magnetic unit and the stator. 
[0012] To allow free movement of the pole faces rel- 

2S ativo to the stator surface, a layer of plastics material 
such as Teflon may be placed between the stator sur- 
face and the pole faces. 

[0013] The magnetic unit is preferably arranged so 
that as it moves from the first position to the second po- 

30 sitlon, one pole face remains over a single region of 
magnetic material whereas at least part of the other pole 
face crosses from one region of magnetic material to the 
other region. This arrangement is useful because when 
one pole face lies above two separate regions of mag- 

35 netic material, continuous displacement of that pole face 
results in- a- continuous-change In the-relative coupling- 
to each magnetic region, and hence a continuous 
change in the magnetic field within the channel. 
[0014] Although the channel may be a single straight 

•^0 line, the channel preferably comprises a subsidiary 
channel section and a main channel section at an angle 
to one another, the magnetic unit being arranged such 
that movement of the magnetic unit is in a direction par- 
allel to the subsidiary channel. This conveniently allows 

•^5 both poles of the magnetic unit to be moved together 
along the direction followed by the subsidiary channel 
such that only one of the poles crosses the main chan- 
nel, the other pole remaining over Ihe same region of 
magnetic material. 

50 [0015] To help ensure the position sensor provides a 
linear position signal, the incremental area of a pole face 
crossing the main channel per unit displacement of the 
magnetic unit may be constant throughout the sensed 
travelling distance of the magnetic unit. To help further 

55 ensure the linearity of the position sensor, the leading 
and trailing edges of the pole face crossing the main 
channel may be parallel to the main channel as they 
cross the main channel 
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[001 6] The magnetic field sensor may reside in either 
the subsidiary channel section or the main channel sec- 
tion, but preferably the magnetic field sensor will reside 
in the main section, orientated to measure the magnetic 
field component perpendicular to the length of the main s 
channel section. 

[0017] In a preferred embodiment, the subsidiary 
channel section and the main channel section form a 
right angle where they meet, the channel and the mag- 
netic unit being arranged so that when the magnetic unit to 
Is in the first position, each pole face resides on a differ- 
ent side of the subsidiary channel, thus producing a 
magnetic field that is substantially perpendicular to the 
subsidiary channel. 

[0018] With the magnetic field sensor placed in the is 

main channel, this arrangement allows for a measure- 
ment of the magnetic field component due to the mag- 
netisation of the stator whilst reducing the contribution 
from the magnetic field component produced directly by 
the magnetic unit, thereby allevialing the proximity el- 20 
fects of the magnetic unit as it passes over the channel 
and further improving the linearity of the position sensor. 
[0019] To further reduce the proximity effects of the 
magnetic unit, the main channel may have a small width 
in comparison to its depth. 2S 
[0020] The subsidiary channel may be straight, but in 
a preferred embodiment the subsidiary channel is arcu- 
ate and the magnetic unit is connected to an arm pivoted 
at 90 degrees to the stator surface, so that movement 
of the arm causes the magnetic unit to move over the 30 
stator surface along the subsidiary channel. 
[0021] The arm may be pivoted in common with a foot 
pedal such that angular displacement of the foot pedal 
causes an identical angular displacement of the mag- 
netic unit relative to the stator, thereby allowing the po- -35 
sition of the foot pedal to bedetermihed from the position' 
of the magnetic unit. 

[0022] To facilitate fabrication, the arm may be made 
of magnetic material and formed integrally with the mag- 
netic unit. 40 
[0023] The magnetic field sensor may conveniently 
comprise at least one Hall probe, preferably producing 
a Hall voltage proportional to the sensed magnetic field. 
Since a Hall probe can be formed from a thin layer of 
electrically conducting material which senses the mag- 45 
netic field perpendicular to the layer, the Hall probe may 
conveniently be placed within a narrow channel to 
measure the field across the width of the channel. 
[0024] In a simple embodiment, the channel has par- 
allel vertical side walls formed by the regions of mag- 50 
netic materials, the floor of the channel being formed by 
the non magnetic base. 

[0025] However, in another embodiment, at least the 
main channel section when viewed in cross section may 
have a recess parallel to the stator surface, the recess 55 
being formed by an area of overlap between the two re- 
gions of magnetic material. Such an arrangement allows 
a Hall probe to fie parallel to the stator surface when 



mounted in the channel, thereby facilitating the incorpo- 
ration of the position sensor into a circuit formed on a 
circuit board. 

[0026] The invention also extends to a foot pedal as- 
sembly for use in a motor vehicle, the assembly com- 
prising a pedal base to be fixedly mounted in a motor 
vehicle, a pedal pivotably mounted on the base, and a 
position sensor as claimed in any preceding claim ar- 
ranged to sense the angular position of the pedal rela- 
tive to the pedal base. 

[0027] According to another aspect of the invention, 
there is provided a magnetic field sensor comprising a 
first and a second electronic chip, each chip having a 
flux sensitive area for sensing magnetic field and an in- 
tegrated circuit integrally formed therewith such that 
each chip produces an electrical output signal repre- 
sentative of the magnetic field sensed by each respec- 
tive flux sensitive area, wherein the first and second 
chips are mounted adjacent to one another In a single 
package such that the separation between the flux sen- 
sitive.area of each chip is 1 mm or less. 
[0028] The two signals produced by each chip can be 
compared with one another to ensure that the sensor is 
working correctly. Because the two flux sensitive re- 
gions arc close together, any spacial non uniformity in 
the magnetic field will produce only a small difference 
between the output signal of each chip. 
[0029] The separation between the flux sensitive re- 
gions will be understood to be the separation between 
the closest points of these regions. 
[0030] The two chips may be integrated onto a single 
piece of semiconductor material, in which case the sep- 
aration between the two flux sensitive regions will pref- 
erably be less than 500 microns. 
[0031] The invention will now be further described, by 
way of example, with reference to the accompanying 
drawings, in which: 

Figures 1, 2 and 3 are plan views of a position sen- 
sor in accordance with the invention, showing the 
magnetic unit in three different positions; 

Figure 4 is a sectional view of the position sensor 
in Figure 1 along the line A-A: 

. Figure 5 is a top view of one embodiment of a po- 
sition sensing apparatus in accordance with the in- 
vention; 

Figure 6 is a sectional view of the apparatus of Fig- 
ure 5 taken along the line B-B; 

Figure 7 is a sectional view of the apparatus of Fig- 
ure 5 taken along the line A-A; 

Figure 8 is a top view of an embodiment of a position 
sensing apparatus in accordance with the inven- 
tion This shows the starting posit bn of the position 
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measurement with a moving organ thai is integrated 
in a lever which can be linked wilh the shaft of an 
accelerator or a brake pedal: 

Figure 9 is a sectional view of Figure 8 taken along s 
the line A-A and is showing the magnetic field lines 
at the Zero position (Pos.-l ) of the working travel; 

Figure 10 is a top view of the apparatus of Figure 8 
showing the magnetic field lines in the Full Travel io 
position {POS.-2); 

Figure 11 is a sectional view of Figure 10 taken 
along the line A-A and is showing magnetic field 
lines at Full Travel positron (Pos.-2); ?5 

Figure 12 is a sectional view of one embodiment of 
a position sensing apparatus in accordance with the 
Invention which shows an air gap which is perpen- 
dicular lo the direction of the moving organ. This 20 
means the magnetic flux through the sensor runs 
parallel to the motion of the moving organ.; 

Figure 13 is a sectional view of one embodiment of 
a position sensing apparatus in accordance with the 2S 
invention which shows an air gap which is parallel 
to the direction of the moving organ. This means 
that the magnetic flux through the sensor runs per- 
pendicular to the motion of the moving organ; 

30 

Figure 14 Is a top view of one embodiment of a po- 
sition sensing apparatus in accordance with the in- 
vention which shows an application for an acceler- 
ator- and/or a brake pedal module with integrated 
position sensing apparatus; 3S 

Figure 15 Is a schematic planar view of a dual Hall 
probe device for use with the position sensing ap- 
paratus; and, 

40 

Figure 16 is a graph showing the output voltage of 
a signal fitting unit as a function of travel position. 

[0032] In the position sensor of Figures 1 to 4, the po- 
sition of a magnetic unit 8 relative to a stator 7 is sensed 
by measuring the change in the magnetic field In a chan- 
nel 1 7 when the magnetic unit 8 Is displaced. The mag- 
netic unit 8 can be moved relative lo Ihe slalor 7, from 
a first position shown in Figure 1 . though an intermediate 
position shown in Figure 2. and to a second position so 
shown in Figure 3. 

[0033] In Figure 4 the staler is shown in cross section 
having two regions of magnetic material 3 and 5 sepa- 
rated magnetically by a channel 17 but held fixed rela- 
tive to one another by a base member 4 made from a 55 
non magnetic material. The magnetic unit 8 is shown 
having the shape of an arch, with the pole faces 8a and 
8b resting against the stator surface 7a. However, the 
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magnetic unit need not be an arch and the pole faces 
need not be in contact with the stator surface 7a. 
[0034] When the magnetic unit is in the first position 
as shown in Figure 1 . each pole face lies over a different 
region of magnetic material to the other pole face. Be- 
cause the pole faces 8a and 8b are closely coupled 
magnetically to the separate regions of magnetic male- 
rial 5 and 3 respectively, these regions become magnet- 
ised and effectively behave as an extension of the pole 
faces Ba and 8b, resulting In a magnetic field in the chan- 
nel 1 7 of which the main channel section 1 3 forms part. 
[0035] However, when the magnetic unit Is in the sec- 
ond position as shown in Figure 3. the pole faces overlap 
the same region of magnetic material 3. The magnetic 
material 3 becomes magnetised and acts as a guide for 
the magnetic field between the pole faces 8a and 8b. 
bypassing the channel 17. Since the north pole face 8a 
is no longer coupled to the region of magnetic material 
5, this region is no longer significantly magnetised, and 
Ihere is only a very small magnetic field in the channel 
17. 

[0036] In the intermediate position shown In Figure 2, 
the north pole face 8a only partly overlaps magnetic re- 
gion 5, so the coupling between the north pole face and 
the magnetic region 5 is only partial. Some of the mag- 
netic flux fkjws directly via the magnetic region 3 joining 
the north and south poles, and only some flux flows via 
magnetic region 5 and across the channel 1 7. The mag- 
netic flux flowing across the channel 1 7 depends on the 
degree of coupling between the north pole face and the 
region of magnetic material 5. which in turn depends on 
the degree of overlap with the north pole face and hence 
the position of the magnetic unit. 
[0037] Displacement of the magnetic unit will only re- 
sult in an appreciable change in the sensed magnetic 
field if there is a change in the coupling between the' 
magnetic unit 8 and the regions of magnetic material 
3,5. Since the coupling is dependent on the overlap area 
of the pole faces with the regions of magnetic material, 
displacement of the magnetic unit 8 from the position 
shown in Figure 1 or 3 will not be sensed until the pole 
face 8a reaches an edge of the main channel section 
13, which is also referred to as an air gap 13. 
[0038] When viewed from above, the channel is sub- 
stantially L-shaped. The magnetic field sensor 6. which 
here consists of a Hall probe, resides in the channel sec- 
tion 1 3 that is substantially parallel to the magnetic field 
generated along the north-south direction between the 
poles of the magnetic unit. 

[0039] The. positioning of the Hall probe 6 within the 
channel section 13 helps to ensure that it only measures 
the magnetic field due to the magnetisation of the mag- 
netic regions 3 and 5. This is important because when 
the magnetic unit lies above the channel section 13 as 
is the case in Figure 2, the resulting proximity effect 
could otherwise reduce the linearity of the position sen- 
sor 

[0040] Figures 5. 6 and 7 are illustrating an exemplary 
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position sensing apparatus which magnetically senses 
the position of a moving organ 1. 
[0041] The exemplary moving organ consists of a 
magnet 1 4 having a North and a South pole, firmly linked 
to a magnetic coupling device 1 2 which also is the me- s 
chanical linkage to the sensinp movement part, i.e.. the 
linkage to the foot-pedal shaft. The total embodiment 
consists of the moving organ 1 ; two flux conducting sta- 
tor pieces 3,5; the Hall probe 6 which is assembled in 
the air gap 1 3 and the circuit board. io 
[0042] Figure 5 shows the Zero position (Pos. 1 ) of the 
moving organ with the magnetic field lines B which are 
also shown in Figure 7 in a sectional view. The magnetic 
field lines B are going from magnetic North pole through 
the coupling device of the moving organ 1 2 through the i5 
stator piece 3 back to the South pole of the magnet. At 
the Zero position (Pos.1 ) the magnetic field lines B are 
closed in a way that there Is no flux in the air gap 13 
which means that the output of the Hall probe, which is 
a linear (lux density measuring unit, is Zero. Theassem- 20 
biy is designed in a way that the air gap between the 
moving organ and the stator pieces 3 and 5 is very small. 
To have a very constant distance between the moving 
organ and the stator pieces there is an option to use a 
thin ptfc foil to allow mechanical contact between the 25 
stator pieces. A very small and constant magnetic gap 
is achieved between the moving organ and stator pieces 
by pressing the moving organ slightly against the ptfe 
foil. Although, the standard embodiment will have a 
small air gap between the stationary and the moving 30 
parts. The permanent magnet 14 is made out of rare- 
earth nnaterial such as neodymium-iron-boron (NdFeB) 
which gives an excellent flux density and a very low tem- 
perature coefficient. The magnetic data of the used ma- 
terial for the permanent magnet are: 35 



Energy density 


35 MGOe 


Coercivity 


12.5kOe 


Remanence 


1.2T 


Permeability 


1 .07mT/kA/m 


Temperature coefficient 


'Q.^%/K 



[0043] The very low temperature coefficient and the -'^ 
high magnetic remanence give good perfornnance and 
stability over a long service life and over a wide range 
of temperatures for the magnetic circuit. Because of the 
high flux intensity which the magnet creates the sensor 
is very robust against any EMC or magnetic field inter- 
ference. 

[0044] The carrier of the magnet 11 and the stator 
pieces 3, 5 are nnade out of soft magnetic sintered ma- 
terial which gives excellent magnetic conductance com- 
bined with high production precision at very low costs. 
[0045] The moving organ 1 can be linked to the shaft 
of a fool-pedal 18 with an interference fit as shown in 
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Figure 14. The stator pieces are located in the circuit 
board with two pins 15 which are parts of the sinlered 
stator pieces and fit to holes in the circuit board. For get- 
ting a firm fit of the stator pieces they are bonded to the 
circuit board with technical adhesive such as epoxy. 
[0046] The Hall probe 6 is fitted in the air gap. The 
measurement direction is perpendicular to the air gap. 
The probe is also fixed with adhesive and electrically 
connected with the printed board by soldering the leads 
of the probe to the circuit board. 
[0047] Figure 5 is also shows the Full Travel Position 
of the moving organ 1 (Pos. 2). In this position the mag- 
netic field lines B are coming from the North Pole 
through the carrier of the moving organ 12 to the upper 
part of the stator piece 3 through the air gap and the Hall 
probe in the stator piece 5 and back in the South Pole 
of the magnet 1 4. In this position the magnetic field lines 
which were produced from the magnet 14 are going 
through the Hall probe which will gel maximum output 
in this position as shown in Figure 7 (Pos. 2). The flux 
density and the output of the Hall probe which are di- 
rectly linked will increase linearly from Pos. 1 where the 
flux density in the Hall probe is Zero to maximum output 
at Pos. 2 where the flux density is a maximum. 
[0048] Figure 8 is a top view of a preferred embodi- 
ment for application as foot-pedal sensor consisting of 
the same major parts as shown in Figure 5: nnoving or- 
gan 1 2; stator pieces 5,3; Hall probe 6 assembled in air 
gap 1 3 and circuit board 4. Figure 8 shows the Zero po- 
sition, with magnetic field lines B having no flux in the 
air gap and the Hall probe. The moving organ consists 
of a rare-earth magnet firmly linked to the carrier part 
for example with epoxy. and the carrier part itself which 
is also the flux conductor and the linkage to the pedal 
shaft. For that reason the carrier is made out of magnetic 
mild steelsintei- materialsuch as Fe+2%Si+0.45%P and 
has rectangular hole 1 8 suited for an interference fit with 
the shaft (axis) of a foot pedal. 
[0049] Figure 10 shows the same apparatus in the 
Full travel position (Pos. 2). The course of the magnetic 
field lines shown, form very clearly the function in ac- 
cordance with the invention. This means that in the Full 
Travel position (Pos. 2), the flux intensity and the output 
of the Hall probe will raise linearly with the movement of 
the moving organ. As the moving organ is directly linked 
to the shaft of the foot-pedal the output of the Hall probe 
will continuously raise with the movement of the foot- 
pedai. 

[0050] Figure 12 shows a preferred embodiment in 

accordance with the invention in a sectional view 
through the magnetic pole and the Hall probe. It can be 
seen that the magnetic field lines B through the Hall 
probe 6 arc parallel or tangential to the motion of the 
moving organ 12 and perpendicular to a North-South 
line of the permanent magnet 14. 
[0051] For some applications it can be more suitable 
to have the Hall probe flat on the printed circuit board 4. 
because the Hall probe 61 (Figure 1 3) will be integrated 
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in a standard SMD-device housing ASIC (Application 
Specific Integrated Circuit). The measurement direction 
of a CMOS Hall sensing elennent is always perpendicu- 
lar to the silicon chip placed because of the internal 
bonding contacts lying parallel to the contacting leads 5 
of the SMO element. As the magnetic field lines B are 
going perpendicular through the carrier board, the ASIC 
integrated Hall probe can be positioned flat on the print- 
ed board, which means that the Hall probe ASIC can be 
assembled automatically with standard SMD-assembly io 
machines and soldered with standard soldering proc- 
esses. This gives major advantages to a simplified sen- 
sor design which needs no special holders for the Hall 
probes to integrate them in slots of the magnetic circuits. 
To give the same functionality as shown in Figure 1 2 the is 
design of the magnetic poles 4. 5 has to be changed 
according to Figure 13. The magnetic pole 31 has an L- 
shaped recess in which the Hall probe 61 can be as- 
sembled. The magnetic pole 51 also has an L-shape, 
for conducting the magnetic field lines perpendicular 20 
through the Hall probe giving the same output charac- 
teristic, in dependence on the position of the moving or- 
gan, as shown in Figure 12. 

[CX)52] Figure 14 shows a preferred embodiment inte- 
grated in a foot-pedal assembly. This figure shows the 25 
linkage between the moving organ 12 and the pedal 
shaft 1 9. It is easy to assemble the stationary parts of 
the sensor, ie the circuit board 4. the magnetic poles 3, 
5 and the Hall probe 6,61 in a plastic housing with the 
integrated device connectors which can be fixed on the 30 
foot -pedal bases with screws or by a snap fit. The mov- 
ing organ is linked to the pedal shaft 1 9 via a rectangular 
hole in the carrier of the moving organ 1 8 via interfer- 
ence fit. 

[0053] The carrier board 4 is needed to connect the 35 
Hall probe with the device connector which will connect - 
the Hall probe with the CPU of the electronic drive-by- 
wire or brake-by-wire systems. The Hall probe is not on- 
ly a Hall sensing element but has a low temperature drift 
due to chopper compensation of magnetic arid offset -^o 
drift integrated whereby the probe will be recognised as 
a state-of-the-art ASIC with a temperature compensa- 
tion, signal fitting unit, programming unit and an output 
signal. 

[0054] The temperature chopper compensation for -^s 
magnetic and electric offset drift will give a very low tem- 
perature coefficient of the device so that In addition with 
a permanent magnet out of NdFeB the whole position 
sensing apparatus will have a low temperature coeffi- 
cient which will give very accurate function over the so 
whole temperature range in an automotive passenger 
compartment without any further expensive and compli- 
cated temperature compensation, 
[0055] The signal fitting unit will generate an output 
voltage which is ratio-metric to the supply voltage of the 55 
Hall probe and will deliver a big signal output with low 
impedance between I.e., SOOmV for the Zero position 
and 4500m\/ for the Full travel position with SOOOmV 
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supply voltage (see Figure 16). Such output voltages 
with low impedances like i.e.. 1000 Ohms will be very 
stable against any EMC-lnterference and voltage drops 
caused by the wiring and the connectors of the car. 
[0056] The programming unit will allow programming 
of the offset and the gain values at an end-of-line pro- 
gramming of the whole assembly. This means that all 
tolerances which are mechanical and magnetic, and all 
the tolerances of the linkage between the position sens- 
ing apparatus and the foot-pedal mechanism can be 
compensated electronically through a very easy end-of 
line-programming of an integrated EEPROM. which will 
be integrated in the intelligent Hall probe ASIC. After 
programming the program mode is locked, so that there 
can be no changes during the lifetime of the device. 
[0057] The output unit will generate a low impedance 
signal and realise a short circuit and a pulse protection 
of the device. 

[0058] Nowadays brake-by-wire and drive-by-wlre 
systems have exlreme demands according lo the inter- 
linearity of the two redundant output signals. Because 
of the nature of the safety critical application, modem 
drive-by-wire and brake-by-wire systems need two re- 
dundant output signals. For that reason the Hall probe 
ASIC is designed to have two complete functional, pro- 
grammable electronic circuits as described above, in 
one housing to be able to deliver two redundant output 
signals. Because the values of gain and offset are pro- 
grammable this device can deliver different output sig- 
nals: 



1. 


Two equal output signal 




S1 (Pos. 1 to Pos. 2): 0.5V-4.5V 




S2 (Pos. 1 to Pos. 2): 0.5V-4.5V 


2. 


Two crossed outputs 




SI (Pos. 1 to Pos. 2): 4.5V-0.5V 




S2 (Pos. 1 to Pos. 2): 0.5V-4.5V 


0. 


Two equal outputs with different slope 




SI (Pos. 1 to Pos. 2): 0.5V-4.5V 




S2 (Pos. 1 to Pos. 2): 0.25V-2.25V 



[0059] To achieve the desired redundancy, there can 
be either two Matt probes placed close together in the 
channel, or one probe feeding two parallel electronic cir- 
cuits. The two electronk: circuit outputs are continuously 
monitored to check that both are correct, and then one 
or other of them is used as the sensor output. Known 
redundancy strategies can be used to ensure that, in the 
event of a discrepancy between the two signals, the cor- 
rect one is chosen as the sensor output. 
[0060] However, in a preferred embodiment two 
ASICs will be used, each of which will have a flux sen- 
sitive area or Hall probe integrally formed with an elec- 
tronic circuit and each ol which will produce a signal 
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which can be used as part of a redundant signal strate- 
gy. In the embodiment shown in Figure 15, a first ASIC 
chip 62 and a second ASIC chip 63 are nnounled togeth- 
er side by side in a single package 65. The Hall probe 
61a of the first ASIC 62 and the Hall probe 61b of the s 
second ASIC 53 are separated by a distance of about 
1 mm or less, in order to reduce any error if the magnetic 
field Is non uniform. Each ASIC chip will be electrically 
connected by wires 67 to a plurality of connecting fingers 
66 which can be soldered or otherwise joined to an elec- io 
tronic circuit. 

[0061] The width of the package 65 in the direction of 
the arrow 69 is typically about 6 mm, and each ASIC 
chip is about 2 mm wide. Because of its small size the 
package 65 can easily be placed in the channel 1 7. ^5 
[0062] The ASIC chips 62 and 65 are of a planar struc- 
ture, and will be formed from one or more patterned lay- 
ers of semiconductor material. The chips 62 and 65 will 
typically have a thickness of about 1 mm. 
[0063] Where there are two ASICs, they can be of 20 
small size and can be mounted close together so that 
there will be none, or only minimal interlinearity errors 
between the signals, and the same accuracy can be ob- 
tained as with one ASIC. 

[0064] The use of two ASIC's in this way allows the 25 
packaging to be no different from packaging a single 
ASIC unit. 

[0065] For extreme demands lor short circuit protec- 
tion and pulse stability against incoming pulses, the out- 
put of the sensor may have the requirement for further 30 
electronic components because the energy dissipation 
of the ASIC is limited due to the small size of the crystal. 
Such components can be easily assembled with stand- 
ard procedures as SMD devices on the printed board 4. 
This means tfiat a position and speed sensor can be 3S 
adapted to different applications without- any mechani- 
cal or system changes. 

[0066] Today's state-of-the-art application have ana- 
logue output signals, but future applications will have 
intelligent serial digital output signals such as CAN bus- -^o 
es. Bus interfaces can be integrated in the circuit board 
or be integrated in the Hall probe. 
[0067] The combination of a sensor in accordance . 
with this invention with an intelligent Hall probe with in- 
tegrated temperature compensation; signal condition- -^s 
ing and programmable signal fitting in combination with 
the very simple and flat mechanics of the magnetic cir- 
cuit makes the sensoi extiemely suitable for applica- 
tions in foot-pedals. Because of its programmable signal 
fitting for example for the offset and the gain values, the 
sensor can be adapted to different foot -pedal mechan- 
ics by end of line programming i.e.. different pedal trav- 
els can bo accommodated without any mechanical 
changes to the sensor. This means that the sensor In 
accordance to this invention can be produced as a 55 
standard part, in high volumes. 
[0068] The sensor can thus be produced fully auto- 
matically as a standard part using very robust, known 
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and proven processes and technologies such as sinter- 
ing, moulding, gluing, soldering. The simple and robust 
mechanics with non wearing parts mean that the sensor 
will be extremely reliable. In addition to this, the pro- 
grammable ability makes the sensor easily adaptable to 
different foot-pedal mechanics with different pedal trav- 
el. 



Claims 

1. A position sensor for sensing the relative position 
of two components, the sensor comprising a stator 
connected to one component and having a surface 
which includes two magnetically separate regions 
of magnetic nraterial separated by a channel; a 
magnetic unit connected to the other component 
and having north and south pole faces arranged rel- 
ative to the surface so that when the magnetic unit 
is in a first position relative to the stator, al least a 
substantial part of one pole face lies over one of the 
regions of magnetic material and at least a substan- 
tial part of the other pole face lies over the other 
region of magnetic material, thereby producing a 
magnetic field across the channel, and when the 
magnetic unit is in a second position the north and 
south pole faces of the magnetic unit lie over the 
same region of magnetic material such that no mag- 
netic field is produced across the channel; and a 
magnetic field sensor placed in the channel so as 
to produce a signal which is dependent on the mag- 
netic field in the channel and which represents the 
relative position of the two components. 

2. A position sensor as claimed In Claim 1 , wherein 
the magnetic- unit comprises a permanent magnet- 
fixedly attached to a section of magnetic material 
with at least one pole face of the magnetic unit being 
formed by the magnetic material. 

3. A position sensor as claimed in Claim 1 or Claim 2, 
wherein the regions of magnetic material are held 
in their correct positions by being attached to a non 
magnetic base. 

4. A position sensor as claimed in any preceding 
claim, wherein the stator surface and the pole faces 
are flat, the pole faces being able to move in a plane 
that is adjacent to the surface of the stator. 

5. A position sensor as claimed in any preceding 

claim, wherein a layer of plastics material is placed 
between the stator surface and the polo faces. 

6. A position sensor as claimed in any preceding 
claim, wherein the magnetic unit is arranged so that 
as it moves from the first position to the second po- 
sition, one pole face remains over a single region 
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of magnetic material whereas at least part of the 
other pole face crosses from one region of magnetic 
material to the other region. 

7. A position sensor as claimed In Claim 6. wherein 
the channel comprises a subsidiary channel section 
and a main channel section at an angle to one an- 
other, the magnetic unit being arranged such that 
movement of the magnetic unit is in a direction par- 
allel to the subsidiary channel. 

8. A position sensor as claimed In Claim 7, wherein 
the incremental area of a pole face crossing the 
main channel per unit displacement of the magnetic 
unit is constant throughout the sensed travelling 
distance of the magnetic unit. 

9. A position sensor as claimed In Claim 7 or Claim 5. 
wherein the subsidiary channel section and the 
main channel section form a right angle where they 
meet. 

10. A position sensor as claimed in Claim 9, wherein 
the channel and the magnetic unit are arranged so 
that when the magnetic unit is in the first position, 
each pole face resides on a different side of the sub- 
sidiary channel. 

11. A position sensor as claimed in any one of Claims 
7 to 10. wherein the magnetic field sensor resides 
in the main channel section, orientated to measure 
the magnetic field component perpendicular to the 
length of the main channel section. 

12. A position sensor as claimed in any one of Claims 
7 to 1-1-. wherein the width of the main channel is 
small in comparison to its depth. 

13. A position sensor as claimed in any one of Claims 
7 to 12. wherein the subsidiary channel is arcuate 
and the magnetic unit Is connected loan arm pivot- 
ed at 90 degrees to the stator surface and arranged 
so that movement of the arm causes the magnetic 
unit to move over the stator surface along the sub- 
sidiary channel. 

14. A position sensor as claimed in Claim 13. wherein 
the arm is pivoted in common with a fool pedal such 
that angular displacement of the foot pedal causes 
an identical angular displacement of the magnetic 
unit relative to the stator. 



least one Hall probe. 

17. A position sensor as claimed in Claim 16. wherein 
two ASICs are provided in the channel, each of 
5 which comprises a Hall probe integrally formed 
therewith, and wherein each ASIC produces a sig- 
nal, the two signals being compared with one an- 
other using a redundant signal strategy. 

^0 18. A position sensor as claimed in Claim 17, wherein 
the two ASICSs are mounted in one package. 



19. A position sensor as claimed in any preceding 
claim, wherein two magnetic field sensors are 
placed in the channel, each producing a signal, and 
the two signals are compared with one another us- 
ing a redundant signal strategy. 

20. A position sensor as claimed in any one of Claims 
17 to 19, wherein the separation between the Hall 
probes is 1 mm or less. 
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21. A position sensor as claimed in any preceding 
claim, wherein at least the main channel section 
when viewed in cross section has a recess parallot 
to the stator surface, the recess being formed by an 
area of overlap between the two regions of magnet- 
ic material. 



30 22. A foot pedal assembly for use in a motor vehicle, 
the assembly comprising a pedal base to be fixedly 
mounted in a motor vehicle, a pedal pivotably 
mounted on the base, and a position sensor as 
claimed in any preceding claim arranged to sense 
the angular position of the pedal relative to the pedal 
base; - - - — 



23. A magnetic field sensor comprising a first and a sec- 
ond electronic chip, each chip having a flux sensi- 
tive area for sensing magnetic field and an integrat- 
ed circuit integrally formed therewith such that each 
chip produces an electrical output signal represent- 
ative of the magnetic field sensed by each respec- 
tive flux sensitive region, wherein the first and sec- 
ond chips are mounted adjacent to one another in 
a single package such that the separation between 
the flux sensitive area of each chip Is 1 mm or less. 
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15. A position sensor as claimed in Claim 14. wherein 
the arm is made of magnetic material and formed 
integrally with the magnetic unit. 

16. A position sensor as claimed in any previous claim 
wherein the magnetic field sensor comprises at 
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Fig. 7 
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Fig. 9 
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Fig. 14 
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